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IN VITRO DIFFERENTIATION OF MOUSE HAIR FOLLICLE CELLS 
R. FRATER, B.Sc., Pu.D. 
Division of Protein Chemistry, CSIRO, Parkville (Melbourne), Victoria, Australia 
Hair follicle cells from mouse skin were obtained by mild enzyme treatment of the lower 
dermis. When cultured in vitro, a proportion of the cells differentiated to form either cuticle 
or cortical cells, and a description of some intermediate steps is given. Inclusion of a mouse 
embryo digest in the culture medium was essential for such differentiation. 
The sequence of cellular changes leading to the 
formation of characteristically shaped morphologic 
components of the differentiated hair shaft has 
been the subject of much speculation in the past. 
Such speculations have been based for the most 
part on detailed histologic studies of sectioned 
material [1,2], and the most generally accepted 
view is that the final shape of each cell type is 
determined by physical pressures developed due to 
rapid cell division in the follicle. Thus, cortical 
cells, long and spindle-shaped, would attain their 
shape by being squeezed within the center part of 
an elongating cylinder, and cuticle cells lying on 
the perimeter of the cylinder would assume flat-
tened shapes during the same process [1,3]. How-
ever, this is not the only possible explanation, and 
it may be that cells from the germinal layers of the 
follicle can assume their characteristic shapes by 
inherent processes, as pointed out by Montagna 
[4]. 
This paper will describe the preparation of single 
cell suspensions from mouse hair follicle tissue, 
and the transformation of small spherical cells in 
the suspension into typically shaped cuticle and 
cortical cells under culture conditions. An essential 
addition to the culture medium used is a tryptic 
digest of early mouse embryos, which has been 
found previously to stimulate continued growth of 
hair in cultured explants of postembryonic mouse 
skin [5]. 
MATERIALS AND METHODS 
CSIRO conventional outbred (Albino) mice (3-5 days 
old) were killed by decapitation. Small pieces of skin 
were taken from the middorsal area and dissected imme-
diately in a culture dish containing Hanks' medium 
(calcium and magnesium free), using a Wild M5 stereo-
microscope. After removal of underlying muscle, the skin 
was cut into thin strips about 1 mm wide, and the 
underlying connective tissue peeled off to expose the 
lower ends of the hair follicles. With the strip lying on its 
side, a small scalpel (Feather No. 15) was used to cut 
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pieces of lower dermal tissue, containing, as much as 
possible, complete hair bulbs. 
A number of these pieces (total volume about 0.1 mi) 
was then transferred to a sterile Dounce homogenizer (A 
pestle) and 1.5 ml of a sterile protease solution containing 
0.3% Difco trypsin ( 1:250) and 0.2% bacterial collagenase 
(Calbiochem, B grade) in Ca++.free, Mg++_free Hanks' 
medium was added. The tissue was incubated at 37°C for 
10 min while the pestle was given several up and down 
strokes every 2 min. At the end of the 10-min period, the 
solution was quite cloudy and the pieces of tissue were in 
the form of long, slimy strands. The mixture was cooled 
to 5°C and 0.3 ml of fetal calf serum (Commonwealth 
Serum Laboratories, Australia) was added to limit fur-
ther digestion, after which the mixture was filtered 
through 20-1' Nitex screen to remove pieces of tissue and 
larger cell clumps. The filtrate was then centrifuged in 
the cold (5°C) at 1,000 rpm for 5 min, the supernatant 
removed by suction, and the cell pellet resuspended in 1 
ml of culture medium using a vortex mixer. The cells 
were washed once more with culture medium and diluted 
with the same medium to obtain a suspension containing 
approximately 10' cells/ml as determined by a hemocy-
tometer count. 
Two milliliters of the suspension was then pipetted 
into Falcon plastic culture dishes (35 mm diameter) and 
incubated at 37°C in an atmosphere of 5% CO, in air. As 
very few cells attached to the plastic surface in these 
experiments, it was not possible to observe the same field 
for extended periods of time, and changes in the cell 
population were recorded by counting. Thus, at the 
beginning and end of the culture period, five different 
fields of view (containing approximately 200 cells in each 
field) were counted using a grid eyepiece. Observations 
and photographs of changes occurring in the culture were 
done using a Wild M40 microscope equipped with phase 
contrast optics. The film used was 35 mm Kodak SO 410, 
which proved very useful in this work as its extremely fine 
grain enabled a greater degree of magnification to be 
obtained by enlargement of the negative, rather than 
relying on the use of high-power objectives. Normally. 
cells in culture spread out and attach to the substratum, 
making it possible to use high-power optics. but, as 
stated above, the cells did not readily attach to the 
surface, so a greater depth of field was needed to obtain 
clearer pictures. 
The culture solution contained Medium 199 (Com-
monwealth Serum Laboratories, Australia), supple-
mented with 10% fetal calf serum and 10% mouse embryo 
digest prepared as described in an earlier paper [5]. 
Following the culture period, the cells were collected by 
centrifugation and resuspended in Tyrode solution con-
taining 2.5% glutaraldehyde (Ladd). Drops ofthe suspen-
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FIG. 1. Portion of the cell field after initial settling of 
the suspension. (Arrow: cuticle cell) {Phase contrast, •~ 
48). 
FIG. 2. Part of a clump of follicle cells one of which is in 
the process of divi>ion (arrow! (Phase contrast. 120). 
sion were placed on slides covered with a thin layer of 
silicone adhesive [6 J, and after evaporation of the solvent 
in a warm air current, the slides were washed in water 
and dried at 600C for 1 hr. Staining reactions were carried 
out for keratin [7] and for the presence of thiol groups [8] 
using 2,2'-dihydroxy-6.6'dinaphthyl disulphide (Serva). 
For comparative purposes, it 1.vas also neces~ary to 
obtain samples of separated cortical and cuticle cells 
from adult mouse hair. A suspension of cortical cells was 
obtained by homogenizing short pieces of shaved hair 
with 95% formic acid [9] in a Polytron homogenizer (full 
speed, 30 sec 1. This method could not be used for 
obtaining cuticle cells as they are too fragile to survive the 
Val. 64, No. 4 
treatment, but a good sample of cuticle cells was ob-
tained by homogenizing portions of upper dermis from 
young mice (pieces remaining after removal of follicle 
bulbs as described earlier) in the protease mixture for 15 
min at 37°C. 
RESULTS 
After an initial settling period of 1 hr, the cell 
layer in the Petri dish c.onsisted almost entirely of 
small, spherical cells with an occasional fully 
formed cuticle cell. Figure 1 is a photomicrograph 
FIG. :l. A follicle cell in the early stage of differentia-
tion. :\ote the chromatin material condensed on one edge 
of the cell wall (arrou-). A group of undifferentiated cells ( UCl can be seen near the edge of the field r Phase 
contrast. x 581. 
FIG. 4. Beginning of the cell expansion. The cell 
membrane appears to have ruptured and material is 
streaming out of the cell. c.b .. cell body; e.m., extruded 
material (Phase contrast, x approx. 160). 
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FIG. 5. A cuticle cell (arrow) at a later stage ot 
expansion. Other cutide cells, and some undifferentiated 
cells can also be seen ( UCI (Phase contrast, ;< 691. 
of such a field. and it can be seen that amon!':-1 
several dozen round cells there is one cuticle cell. 
Among 1.000 cells, I c; cuticle cells were found. and 
these probably resulted from contamination from 
upper dermal tissue during the preparation, or 
fi:·om continued differentiation during this period. 
After several hours of incubation, some cells could 
be seen undergoing mitosis, and fibroblasts from 
dermal tissue were seen attaching and spreading 
out over tbe surface. A large number of cells did 
not, however, flatten out in this way. but instead 
went through a series of changes, resulting eventu-
ally in the formation of typically shaped cuticle 
and cortical cells. A description of these changes 
follows. and photographs of the cells at various 
stages were taken after a total of 24 hr in culture. 
Cells were observed to increase greatly in size, 
and to become to some extent transparent so that 
details of the nucleus could be seen, including 
condensation and movement of chromatin material. 
Following prophase. the cells entered metaphase, 
and after this, two types of behavior were observed, 
one leading I o what appeared to be normal cell 
division (Fig. 2). and the other leading to the 
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formation of a differentiated cell. In the latter case, 
following metaphase, the chromosomes migrated 
to the cell membrane and no further mitotic 
processes occurred. Such a cell can be seen in 
Figure 3, ·along with several differentiated cells and 
some still in the resting stage near the edge of the 
photograph. The cells appeared to remain at this 
stage for some time (up to 1 hr), and then, very 
quickly, the membrane farthest from the nuclear 
material expanded and the cell rapidly elongated. 
A cell undergoing this rapid process is shown in 
Figure 4, and another cell, at a later stage in the 
process is shown in Figure 5. In culture, the process 
seemed to occur over several hours, and with these 
cells, the final product was a typically dart-shaped 
cuticle cell, very commonly seen with a flattened 
nucleus at the sharper end (Fig. 6). Occasionally, 
one could see remnants of what were presumably 
cellular organelles and membranes in the process 
of pinching off at the extreme end of the cuticle cell 
(Fig. 7). 
Differentiated cortical cells also appear within 
the cell population (Fig. 7), but to date it has not 
been possible to observe cellular changes in the 
process. This may be due to a much more rapid 
transition from the small spherical eel! type to the 
thin. elongated cortical cell. and as the cells are not 
attached to the Petri dish surface. it was not 
possible to observe the one field over long time 
periods in order to record such events. 
At the end of the culture period (48 hr), the 1,000 
cells were counted using a grid eyepiece, and the 
percentage of fully differentiated cuticle plus corti-
cal cells was 200;, and if partly differentiated cells 
FIG. 6. A fullv formed cuticle cell in the suspension 
showin!' the flattened nuclear remains (arrow) (Phase 
contrast. x 601. 
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FJG. 7. Cuticle cell with cellular remnants still at-
tached (arrou·), and a fully formed cortical cell (Cor.) 
(Phase contrast, ' approx. 70). 
FIG. 8. a: Cuticle cells prepared from intact mouse hair 
(Phase contrast, / 451. b: Mouse hair cortical cells 
prepared by ultrasonic disruption in 95% formic acid 
(Phase contrast, ' 4.5 l. 
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were included in the count. the figure was :30%. The 
ratio of cuticle cells ({)cortical cells was difficult to 
estimate. as the cortical cells tended to form in 
clumps lying side by side. but there were more 
cuticle cells than cortical. a rough estimate of the 
ratio being il:l. 
The differentiated cells formed in culture ap-
peared to he of the same size and shape as cells 
formed in vivo, and Figures Sa and 8b are of these 
cells prepared as described in Materials and 
Methods. Staining reactions of the two cell types 
(cuticle and cortical) for -SH groups and for 
keratin were carried out on the cultured cells, and 
the results are shown in the Table. 
Wben stained for -SH groups (Tab.i. the cul-
tured cells reacted as expected: undifferentiated 
fol!icle cells were rich in thiol. and the cortical 
cells, being nonkeratinized also contained thio!. 
The cuticle cells also contained some thiol. al-
though it was difficult to decide whether there was 
less than in other cells. or whether the fainter color 
was due to the thin structure of the ceiL 
The staining reaction for keratin developed by 
Holmes [7] is based on the differential uptake of 
methylene blue following rhodamine B staining. 
According to Holmes, this reaction is specific fCJr 
hair keratin, which gives a blue-green color in the 
nonkerat inized zone, and a red color in the keratin-
ized upper hair shaft. while epidermal keratins are 
unstained. \\'hen the reaction was carried out on 
the cultured cells. the results shown in the Table 
were obtained. Thus, ail cells showed the presence 
of nonhardened keratin. with the exception of a 
proportion (about one-third I of undifferentiated 
cells which stained red. It is difficult to believe that 
these cells contain fu!ly hardened keratin. and it 
may be that thev were cell> derin·d from the 
dermis. 
DISC! 'SSIO!\ 
The experiment,; ,;how that individual ce!ls from 
the hair f(JJlicle bane inherent capabilities of differ-
entiating to form the characteristicallv shaped 
cells found in fully developed hair, i.e .. cortical and 
cuticle cells. Thus. there is no need to invoke 
physical stresses developed in the growing hair 
shaft to account f(Jr the final appearance of the 
major cell types. The description of cellular events 
leading to the f(Jrmation of a cuticle cell is incom-
plete at the moment. Further. no information was 
gained concerning the behavior of other presump-
tive cell types. e.g .. those forming the medulla and 
the various layers of the inner root sheath. hut. of 







some blue-green, some red 
blue-green 
pale blue-green 
Barrnett and Seligman 
thiol stain [8} 
rich in thiol 
moderate thiol 
little or no thiol 
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course, these may be more difficult to recognize in 
the culture system. 
The fact that there appear to be many more 
cuticle cells formed than cortical is interesting, and 
it is possible that some fractionation of cell types 
had occurred during the preparation. It was no-
ticed for example, that during centrifugation of the 
single cell suspension, only a proportion of cells 
sedimented with the conditions used, and many 
cells remained in the supernatant. along with 
many small lipid globules. Another possibility is 
that the normal mesenchymal-epidermal cell in-
teraction essential for normal hair growth [10, 11]. 
had been disrupted, leading to changes in the 
development of follicle cells. It has also been 
postulated that development of sequential cell 
lavers: medulla-cortex-hair cuticle-inner root 
sh.eath complex, is due to a gradient set up by the 
proximity of presumptive cell types in the lower 
bulb to the dermal papilla [12 ]. It is possible that 
such interactions were occurring in the culture. as 
dermal cells were certainly present (fibroblasts!, 
although no particular association between these 
and f(,!licle cells was noticed, so it may be that cells 
undergoing differentiation had already been "pro-
grammed" bef(Jre their separation from the in tad 
bulb. 
The staining reactions of the cultured cells were 
very similar to those reported for cells in the lower 
part of the intact hair shaft [/],with the exception 
of differential uptake of methylene blue seen in 
undifferentiated cells. As there are many cell types 
present in the preparation. including some from 
the dermis and outer root sheath. this different 
staining beha,·ior may lead to methods of tagging 
certain of the cells in order to follow their future 
beha,·ior. 
Tbe culture media used in these experiments 
contained an additive tmouse embryo digest) pre-
viously found to be essential f(Jr the continued 
devel1;pment of postembryonic hair in organ cul-
ture [5]. and its inclusion for culturing of follicle 
cells also appears to be important.lfthedigest was 
omitted from the media. there was ver,· little 
differentiation of cells; about iJ"i of cut ide cells did 
appear, but most celb remained in the small 
rounded state. and no mitotic mm·ements were 
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noted. As found previously [5] the digest was 
stable at - 20°C f(Jr 2 months. but aetivitv was 
completely lost by heating at 100°C for s~veral 
minutes. 
The central finding presented in this paper 
concerns the in vitro differentiation of presumpti\'e 
hairfolliele cells, and an elementary description of 
the changes occurring in one cell type has been 
given. It may now be possible to study cell-cell 
interactions between follicle and dermal cells in 
vitro and to study in detail morphologic changes 
occurring in the development of hair cells. 
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